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© A magnetic resonance apparatus includes a gan- 
try (A) an incorporating a magnet (12) which gen- 
erates a uniform magnetic field in a thin (typically 
under 15 cm thick) imaging volume (10). Gradient 
coils (30) and radio frequency coils (20) transmit 
radio frequency and gradient magnetic field pulses 
of conventional imaging sequences into the imaging 
volume. A patient support surface (42) moves a 
patient continuously through the imaging volume as 
the pulses of the magnetic resonance sequence are 
applied. A tachometer (52) monitors movement of 
the patient. A frequency scaler (54) scales the fre- 
quency of the RF excitation pulses applied by the 
transmitter (22) and the demodulation frequency of 
the receiver (26) in accordance with the patient 
movement such that the selected slice moves in 
synchrony with the patient through the imaging vol- 
ume. The slice select gradient is indexed after mag- 
netic resonance signals to generate a full set of 
views for reconstruction into a two-dimensional im- 
age representation of the slice are generated. The 
views for each slice are reconstructed (28) into a 
three-dimensional image representation that is 
stored in a memory (60). By using rapid imaging 



techniques, such as echo-planar techniques which 
can generate a two-dimensional image of a slice in 
150 milliseconds, a three-dimensional diagnostic im- 
age of a section of a subject one metre long can be 
generated in less than 2 minutes. 




Rank Xerox (UK) Business Services 

<3. 10/3.09/3.3.4) 



1 EPO 



This invention relates to the magnetic reso- 
nance apparatus and methods. It finds particular 
application in conjunction with magnetic resonance 
diagnostic imaging apparatus and methods and will 
be described with particular reference thereto. 

In many medical diagnostic procedures, it is 
desirable or even necessary to generate an image 
representation of a relatively large volume of the 
subject. In prior art magnetic resonance imagers, 
the imaging volume is generally limited to a sphere 
within which the primary magnetic field is tem- 
porally invariant and uniform. Prior art magnetic 
resonance imaging systems typically have required 
a magnetic assembly with a patient receiving bore 
that is at least 1 .5 meters long in order to provide a 
uniform imaging volume of about 40 cm in diam- 
eter. One disadvantage of these systems is that 
very large magnets and magnet assemblies are 
required. These very large magnet assemblies 
have several drawbacks including their large si2e, 
immense weight, and high cost. Not only are the 
magnets themselves expensive, but so is the large 
size related equipment for generating gradient 
magnetic fields, RF pulses, and the like. 

Another disadvantage of the prior art magnetic 
resonance imagers is that they can only image a 
limited portion of the subject. Whole body scans 
are not impossible. Stretching the uniform mag- 
netic field volume longitudinally adds significantly 
to the size and cost of the magnetic resonance 
scanner. Conducting several volume scans with the 
patient reposited between each one creates image 
registration problems. 

One solution to these problems has been to 
use spiral CT scanners. Spiral CT scanners are not 
only much less expensive than conventional mag- 
netic resonance equipment, but also enable the 
imaging volume to be greatly elongated. In addition 
to poor soft tissue contrast as compared to mag- 
netic resonance imaging, spiral CT scanners have 
several other drawbacks. First, the data is collected 
along spirals which tends to skew the slices, intro- 
duce partial volume artifacts, and otherwise de- 
grade the resultant image data. Further, magnetic 
resonance is preferable for distinguishing many 
types of tissue, particularly soft tissue and blood. 
Spiral CT scans to image the patient's circulatory 
system commonly require the infusion of a contrast 
agent into the blood. The contrast agent, which has 
good x-ray stopping power, is then imaged rather 
than the blood itself. 

Another problem with spiral CT scanners re- 
sides in the heavy loading of the x-ray tube. Run- 
ning the x-ray tube continuously for many slices 
places a great thermal load on the tube. Significant 
problems are encountered in removing excess 
thermal heat from the tube. Damage from unremov- 
ed excess thermal energy leads to premature x-ray 
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tube failure or at least a very short x-ray tube life. 

The present invention contemplates a new and 
improved magnetic resonance apparatus and meth- 
od which enables a larger volume to be imaged 
5 with simpler, less-expensive equipment. 

According to one aspect of the invention there 
is provided a magnetic resonance apparatus com- 
prising: a patient receiving region; a main magnetic 
field means disposed around the patient receiving 
10 region for generating a main magnetic field which 
is uniform and temporally constant within an exami- 
nation volume in the patient receiving region; a 
radio frequency coil disposed around the examina- 
tion volume; and a patient support and transport 
15 means for supporting a patient in the examination 
volume during a magnetic resonance examination; 
characterised in that the examination volume is thin 
in a direction parallel to the axis of the patient 
receiving region; and the patient support and trans- 
20 port means moves the patient axially through the 
examination volume during a magnetic resonance 
examination. 

Normally the apparatus further includes a gra- 
dient coil assembly disposed around the radio fre- 
25 quency coil for creating gradient magnetic fields 
along orthogonal directions in the examination vol- 
ume. 

Preferably the patient receiving region is cylin- 
drical and the examination volume is a cylinder at 

30 least 45 cm in diameter and less than 15 cm thick. 

The invention also provides a method of mag- 
netic resonance imaging comprising: creating a 
uniform, temporally constant magnetic field in a 
thin imaging volume; moving a subject through the 

35 thin imaging volume; while the subject is moving 
through the imaging volume, exciting and man- 
ipulating magnetic resonance in a selected slice of 
the subject that is in the imging volume and receiv- 
ing magnetic resonance signals from the selected 

40 slice, the imaging volume having a thickness of at 
least twice the selected slice thickness and less 
than 15cm in the direction of moving the subject; 
and reconstructing the magnetic resonance signals 
from a plurality of slices into an image representa- 

45 tion. 

In a preferred method according to the inven- 
tion the step of exciting and manipulating magnetic 
resonance and receiving magnetic resonance sig- 
nals from the selected slice includes applying a 

so slice select gradient along the direction of moving 
the subject and the method further includes shifting 
the selected slice relative to the imaging volume 
such that the selected slice remains substantially 
fixed relative to the subject. The selected slice 

55 shifting step suitably comprises incrementing a fre- 
quency of the received resonance signals. 

Apparatus and methods in accordance with the 
invention will now be described, by way of exam- 
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pie, with reference to the accompanying drawings 
in which:- 

Figure 1 is a diagrammatic illustration of the 
apparatus; 

Figure 2 is a diagrammatic illustration of a cen- 
tric phase encoding scheme used in one meth- 
od in accordance with the present invention; 
Figure 3 is a diagrammatic illustration showing 
in more detail part of the apparatus of Figure 1; 
and, 

Figure 4 illustrates an alternative form of appara- 
tus which uses a permanent magnet. 
Referring to Figure 1 , the apparatus includes a 
gantry A which is operated by an electronic pro- 
cessing and control circuit B to excite and manipu- 
late magnetic resonance in a thin imaging volume 
10 that is only 2-20 slices thick. The processing 
and control circuit processes resultant resonance 
signals from the imaging volume into image repre- 
sentations. A patient transport assembly C moves a 
patient through the imaging volume during the im- 
aging process. 

A main magnet assembly 12, preferably a self- 
shielded superconducting magnet assembly, gen- 
erates a primary magnetic field which is temporally 
constant and uniform in the thin imaging volume 
10. In the preferred embodiment, the imaging vol- 
ume 10 is a thin disk, about 45 cm or more in 
diameter, transverse to the longitudinal direction. 
Preferably, the thin volume 10 is sufficiently wide 
that about 10-20 parallel slices can be generated 
within the imaging volume 10. This enables the 
scanner to be used for brain scans and obtain 
traditional volume image representations represent- 
ing about a 15 cm thick slab through the brain 
without moving the patient. However, it is to be 
appreciated, that an imaging volume 10 which is 
twice the thickness of the maximum available slice 
is satisfactory. A width of two slices is sufficient to 
image an indefinite length of the patient when the 
patient is being moved continuously through the 
examination region. A main magnetic field control 
means 14 controls the main magnet assembly 12. 
For a superconducting magnet assembly, the mag- 
netic field control 14 is used to ramp up the mag- 
netic field. For a resistive main magnet, the main 
magnetic field control 14 not only turns on and 
turns off the main magnet, but also maintains a 
uniform current flow. 

A radio frequency coil 20 surrounds the imag- 
ing volume 10. The RF coil is preferably relatively 
narrow in the longitudinal direction and shaped for 
(1) transmitting magnetic field signals substantially 
exclusively into the imaging volume 10 and (2) 
receiving radio frequency signals substantially ex- 
clusively from the imaging volume. Preferably, a 
radio frequency shield surrounds the RF coil 20 to 
prevent radio frequency signals from being irradi- 



ated radially outward and to render the radio fre- 
quency coil more insensitive to radio frequency 
signals from outside the imaging volume. A radio 
frequency transmitter 22 selectively supplies radio 

5 frequency current pulses to the radio frequency 
coil to cause radio frequency pulses to be transmit- 
ted into the volume region for exciting and man- 
ipulating magnetic resonance. A magnetic reso- 
nance imaging sequence memory and control 24 

10 controls the radio frequency transmitter 22 to con- 
trol the timing and amplitude of the radio frequency 
pulses to implement any one of a large plurality of 
conventional magnetic resonance imaging or spec- 
troscopy sequences. A radio frequency receiver 26 

15 is also connected with the radio frequency coil for 
demodulating radio frequency signals, particularly 
magnetic resonance signals from within the imag- 
ing volume 10 to generate a plurality of magnetic 
resonance views corresponding to each imaged 

20 slice. A reconstruction processor 28 reconstructs 
the views corresponding to each slice into a two- 
dimensional image representation using a Fourier 
transform algorithm. Alternately, each view can be 
a projection at a different angle, which views are 

25 reconstructed with a projection CT-type algorithm. 
When the patient is moving at a constant speed, as 
discussed below, a conventional spiral CT recon- 
struction scheme is used. 

A gradient coil assembly 30 operates under 

30 control of a gradient field control means 32 to 
generate magnetic field gradients in the imaging 
volume. More specifically, the gradient field control 
32 supplies current to the gradient coils 30 to 
cause magnetic field gradients along the longitudi- 

35 nal axis (slice select gradients) and along mutually 
orthogonal axes transverse to the longitudinals di- 
rection (read and phase encode gradients). The 
magnetic resonance imaging sequence memory 
and control 24 causes the gradient control 32 and 

40 the radio frequency transmitter 22 to apply coordi- 
nated radio frequency and gradient pulses of con- 
ventional sequences such that resonance is limited 
to a selected slice orthogonal to the longitudinal 
direction for each view. Active gradient shield coils 

45 34 are disposed around the gradient coils 30 to 
limit the gradient magnetic field substantially to the 
imaging volume 12. 

A patient transport means C includes a gantry 
40 that supports a patient or other subject within 

so the examination region. The patient gantry 40 in- 
cludes a patient supporting surface 42 and a motor 
and gear assembly 44 for continuously moving the 
patient supporting surface 42 longitudinally through 
the imaging volume at a selectable velocity. It is to 

55 be appreciated, that the continuous longitudinal 
movement of the patient will cause each view from 
the radio frequency receiver 26 to represent a 
slightly shifted slice if the slice select gradient 
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remains constant in each repeat of the imaging 
sequence. If the patient is moved sufficiently slow- 
ly, preferably less than 3/4 of a slice width before 
all views of an image are collected, satisfactory 
images can be obtained nonetheless. 

With reference to FIGURE 2, motion artifacts 
due to the moving patient tend to be highly pro- 
nounced in the views with the highest frequency 
phase encoding. Accordingly, the high frequency 
phase encoding views in both the positive and 
negative direction are collected contiguously in a 
high frequency view region 46. Progressively lower 
frequency views are taken contiguous to the imme- 
diately preceding and following high frequency 
views in temporal regions 48. The low frequency 
views 50 are furthest displaced from the high fre- 
quency views. As illustrated in FIGURE 2, the low- 
est or central-most views are taken at the begin- 
ning and end of the scan. In a 128 view image set 
in which the highest positive phase encode fre- 
quency view is 1. the highest negative phase en- 
code frequency view is 128, and the central or zero 
phase encode view is 64, a suitable view order is: 
1, 128, 2, 127, 3, 126 

In one alternate embodiment, the low frequen- 
cy or central views are shared by contiguous slices 
for greater processing efficiency. 

Preferably, the frequency of the RF excitation 
and refocusing is scaled in coordination with move- 
ment of the patient such that the position of the 
selected slice remains constant with respect to the 
moving patient for all views even as the selected 
slice shifts axially through the imaging volume. To 
this end, a patient motion and sequence timing 
coordinating means, such as a tachometer 52 is 
connected with the patient support moving assem- 
bly 44 to provide signals indicative of movement of 
the selected slice through the imaging volume. A 
frequency scaling means 54 adjusts the RF trans- 
mitter 22 such that the RF excitation frequency and 
the RF demodulation frequency vary slightly with 
each view when the subject is moving through the 
imaging volume. The effect of this is to move the 
selected slice with the moving patient, so that it is 
fixed relative to the patient. Alternatively, the clock 
of the sequence memory and control 24 may con- 
trol the motor 44 such that the patient support 42 is 
controlled to move in coordination with the imaging 
sequence. 

In one embodiment, the images are rendered 
insensitive to variations in blood flow during the 
cardiac cycle by recording the cardiac waveform 
(from EKG) and analyzing it in a computer to 
calculate patient support movement speed such 
that the patient moves one slice thickness per 
integer number of heartbeats (typically one or two). 
Preferably, the clock of the sequence memory and 
control 24 is adjusted to control the sequence 



timing and the motor 44 to move the patient sup- 
port 42 at the calculated speed. RF frequency is 
scaled linearly with time during the acquisition to 
fix the selected slice to the moving patient, as 

s described in the previous paragraph. By this 
means, synchronization of acquisition and slice po- 
sition with both the cardiac cycle and the move- 
ment of the patient support is accomplished. 

As the two-dimensional image of each slice is 

io reconstructed with either Fourier or projection re- 
construction algorithms, it is stored in a three- 
dimensional image memory 60. This creates a 
three-dimensional image representation in which 
the z-axis resolution is determined by the speed of 

75 patient transport, the thickness of the image slice, 
and the duration required to collect the views for 
reconstructing each two-dimensional image repre- 
sentation. The x and y-axis resolutions are deter- 
mined by the number of differently phase encoded 

20 views and the frequency resolution. The voxels are 
rectangular prisms that may have different dimen- 
sions along all three axes. A memory access 
means 62 under control of an operator control 
panel 64 selectively accesses the voxel values of 

25 the three-dimensional image memory 60 to retrieve 
selected two-dimensional image representations. 
Transverse, sagittal, coronal, oblique, 3D, and other 
image representations, as are conventional in the 
art, are retrieved from the three-dimensional image 

30 memory 60 and converted by a video processor 66 
into appropriate format for display on a video moni- 
tor 68. The operator also uses the operator control 
panel 64 for selecting among the multiplicity of 
available imaging sequences and imaging se- 

35 quence parameters (repeat time, number of phase 
encode steps, etc.) which the magnetic resonance 
imaging sequence memory and control 24 imple- 
ments. The operator control panel is further used 
for controlling the patient moving assembly 44 for 

40 controlling the speed with which the patient is 
moved through the examination volume 12. 

For greater patient processing efficiency, the 
gantry 40 preferably has wheels 70 or the like 
which enable it to be moved. This enables the 

45 subject to be moved between the disclosed mag- 
netic resonance apparatus and other diagnostic 
scanners, such as CT, SPECT, ultrasound, or the 
like. This portability further enables one patient to 
be prepared on one gantry in a preparation room 

so while another patient is undergoing examination on 
another gantry. 

Various types of diagnostic imaging proce- 
dures can advantageously be performed with this 
system. For example, the apparatus can be run in 

55 a shadowgraphic survey mode in which the equiv- 
alent of a shadowgraphic film x-ray is taken in a 
plane parallel to the patient support surface 42. 
The patient is moved continuously and rapidly 
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through the imaging volume. For each slice, a view 
is generated with no phase encoding but which is 
frequency encoded with a frequency encode or 
read gradient in a horizontal direction. The "image" 
for each slice is a one-dimensional image which 
represents the projection in a vertical direction. 
When the one-dimensional images for the slices 
along the entire length of the patient are assem- 
bled, a two-dimensional projection image analo- 
gous to a shadowgraphic film x-ray is generated. 
Such a projection survey image is advantageously 
used to identify regions of the patient for further 
imaging and study, further positioning of the pa- 
tient, contrast adjustments, and the like. 

As another option, a two-dimensional image 
representation is generated for each slice using an 
echo-planar imaging technique which enables each 
two-dimensional slice image to be generated in 
about 150 milliseconds. The time to generate each 
two-dimensional image will, of course, vary with the 
resolution of the resultant image. However, in a 
relatively coarse mode (relatively few views per 
image), at least six two-dimensional slice images 
can be generated per second. This enables an 
image to be generated in substantially real time. 
Such images are potentially valuable for magnetic 
resonance fluorscopy and other applications. 

In another application, flow imaging techniques 
are utilized. That is, a conventional magnetic reso- 
nance sequence is selected which causes the val- 
ue of each pixel of the slice image to vary with the 
velocity of the corresponding tissue. In this man- 
ner, an image is generated in which gray scale, 
color, or the like is indicative not of tissue type, but 
of tissue velocity. Imaging sequences designed for 
imaging blood can be used concurrently such that 
images depicting both blood and blood flow ve- 
locity of an imaged volume are generated. This 
technique can be used to measure blood flow 
through various regions of the body, e.g. the legs 
for measuring thrombosis. The technique can also 
be used for measuring or monitoring the patient's 
cardiac cycle. A traditional EKG measures each 
time the heart beats, but does not indicate whether 
or how much blood was pumped with each cycle. 
The present technique can be utilized to measure 
the fluid actually pumped by the heart in each 
beat. 

The rapid imaging time, particularly when using 
echo-planar imaging sequences, is ideally suited 
for motion studies. Because the imaging volume 10 
is so thin, the volume within which the uniform field 
is created is relatively small. The imaging bore can 
be larger in diameter than today's conventional 
magnetic resonance imaging equipment while still 
effecting a significant decrease in the size and 
power consumption of the magnet 12 and the other 
described hardware. A larger bore enables the pa- 



tient to move an imaged joint without interference 
from the bore of the imager. Free patient move- 
ment is also facilitated by the relatively short axial 
dimension of the bore. The combination of space 
5 for patient movement and rapid imaging, particu- 
larly with echo-planar techniques, is ideal for gen- 
erating a series of volume images of an examined 
joint as the joint is flexed. 

This system is also advantageous in shock and 
10 trauma examinations. When a patient is suffering 
from shock, the physician only has about 3 minutes 
to work. By using a relatively coarse pixel resolu- 
tion, a three-dimensional scan of the entire patient 
can be made in under 3 minutes. This rapid scan 
75 technique is also advantageous for rapid screen- 
ings for preselected conditions. For example, a 
magnetic resonance imaging sequence and param- 
eters are selected which are particularly sensitive 
to a selected condition such as tuberculosis, a 
20 selected type of cancer, or the like, and the rapid 
survey technique is run to locate any regions of the 
body which require further examination. Because 
such survey scans can be run in under 3 minutes, 
the technique finds utility for screening large num- 
25 bers of people for a specific condition. 

With reference to FIGURE 3, the gantry assem- 
bly A including the main magnet, gradient, and 
radio frequency coils, is mounted to a gantry 80 for 
selectively moving the imaging volume 10. More 
30 specifically, the gantry 80 includes wheels 82 or 
the like which enable the entire assembly to be 
transported to other locations. 

The gantry 80 further includes a means 86 for 
changing the angular orientation of the thin imaging 
35 volume 10. In the illustrated embodiment, the gan- 
try A is pivotally mounted to support arms which 
carry a motor and gear box assembly for driving 
the gantry A to rotate. Preferably, this enables the 
gantry to be positioned with the imaging volume in 
40 a horizontal plane. A means 88 is provided for 
causing relative vertical movement between the 
imaging volume 10 and a standing patient. In the 
illustrated embodiment, the means 88 includes a 
drive screw and motor for moving the gantry sup- 
45 porting arms vertically. However, an elevator as- 
sembly for raising and lowering the standing pa- 
tient are also contemplated. 

With reference to FIGURE 4, the present inven- 
tion is also applicable to permanent magnet sys- 
50 terns. The gantry assembly A' includes a perma- 
nent, horseshoe-shaped magnet 100 which has 
pole faces 102 disposed on opposite sides of a 
thin, generally rectangular imaging volume 10'. 
Gradient coils 30' surround the imaging volume for 
55 selectively causing magnetic field gradients 
thereacross. Radio frequency coils 20" are dis- 
posed adjacent the imaging volume for transmitting 
radio frequency pulses into and receiving radio 
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frequency magnetic resonance signals from the 
imaging volume 10'. A patient support and trans- 
porting means C is driven by a motor assembly 
44' to move the subject longitudinally through the 
v imaging volume 10' with controlled continuous 
movement. A tachometer 52' measures the patient 
velocity and provides such patient velocity signals 
to the electronic control and imaging means B' to 
shift the selected slice in the coordinate system of 
the gantry in accordance with patient movement 
such that the slice remains fixed in the coordinate 
system of the patient. 

Claims 

1. A magnetic resonance apparatus comprising: a 
patient receiving region; a main magnetic field 
means (12) disposed around the patient receiv- 
ing region for generating a main magnetic field 
which is uniform and temporally constant with- 
in an examination volume (10) in the patient 
receiving region; a radio frequency coil (20) 
disposed around the examination volume (10); 
and a patient support and transport means (C) 
for supporting a patient in the examination 
volume (10) during a magnetic resonance ex- 
amination characterised in that the examination 
volume (10) is thin in a direction parallel to the 
axis of the patient receiving region; and the 
patient support and transport means (C) moves 
the patient axially through the examination vol- 
ume (10) during a magnetic resonance exami- 
nation. 

2. An apparatus according to Claim 1 further in- 
cluding a gradient coil assembly (30) disposed 
around the radio frequency coil (20) for creat- 
ing gradient magnetic fields along orthogonal 
directions in the examination volume (10). 

3. An apparatus according to Claim 2 further in- 
cluding active gradient shield coils (34) dis- 
posed around the gradient coil assembly (30), 
the gradient coil assembly (30) and the active 
gradient shield coils (34) acting together gra- 
dients in the examination volume (10) and to 
cancel magnetic field gradients outside of the 
examination volume (10). 

4. An apparatus according to Claim 2 or Claim 3 
further including means (24 or 54) for shifting 
an image slice relative to a coordinate system 
of the main magnetic field means (12) in co- 
ordination with movement of a patient by the 
patient support and transporting means (C). 

5. An apparatus according to any one of Claims 2 
to 4 further including: a magnetic resonance 



imaging sequence memory (24) and control 
means for designating magnetic field gradient 
and radio frequency pulses of a selected mag- 
netic resonance imaging sequence; a radio fre- 
quency transmitter (22) connected with the se- 
quence memory and control means (24) and 
the radio frequency coil (20) for transmitting 
the designated radio frequency pulses into the 
examination volume (10); a gradient field con- 
10 trol means (32) connected with the sequence 

memory and control means (24) and the gra- 
dient coil assembly (30) for causing the gra- 
dient coil assembly (30) to create the gradient 
magnetic fields in the examination volume 
is (10); a radio frequency receiver (26)for receiv- 

ing radio frequency signals from the examina- 
tion volume (10) and demodulating the re- 
ceived signals into electronic views; a recon- 
struction means (28) for reconstructing the 
20 views into a three-dimensional image repre- 

sentation; and an image memory (60) for stor- 
ing the three-dimensional image representa- 
tion. 

25 6. An apparatus according to Claim 5 wherein the 
gradient field control means (32) causes the 
gradient coils (30) to apply at least slice select 
gradients along the patient receiving region 
axis and further including: a radio frequency 

30 scaling means (54) connected with the radio 

frequency transmitter (22) and the radio fre- 
quency receiver (26) for incrementing reso- 
nance frequency in accordance with movement 
of the patient by the patient support and trans- 

35 port means (C). 

7. An apparatus according to Claim 5 or Claim 6 
wherein the reconstruction means (28) includes 
a Fourier transform reconstruction means for 

40 reconstructing a plurality of phase-encoded 

views corresponding to a single slice of an 
examined subject into a two-dimensional im- 
age representation, the sequence memory and 
control means (24) causing the gradient field 

45 control means (32) to index the slice select 

gradient to a next adjacent slice after the views 
for each slice have been generated, such that 
the three-dimensional image representation in- 
cludes a series of parallel two-dimensional im- 

so age representations. 

8. An apparatus according to Claim 5 or Claim 6 
wherein the reconstruction means (28) includes 
a projection transform reconstruction means for 

55 reconstructing a plurality of angularly displaced 

projection views corresponding to a single 
slice of an examined subject into a two-dimen- 
sional image representation, the sequence 
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memory and control means (24) causing the 
gradient field control means (32) to index the 
slice select gradient to a next adjacent slice 
after the views for each slice have been gen- 
erated, such that the three-dimensional image 
representation includes a series of parallel two- 
dimensional image representations. 

9. An apparatus according to any preceding claim 
wherein the patient receiving region is cylin- 
drical and wherein the examination volume (10) 
is a cylinder at least 45 cm in diameter and 
less than 1 5 cm thick. 

10. An apparatus according to any preceding claim 
further including an examination volume locat- 
ing means (80) for moving the main magnetic 
field means (12), and the radio frequency coil 
(20), thereby to relocate the examination vol- 
ume (10). 

11. An apparatus according to Claim 10 wherein 
the examination volume locating means (80) 
includes a rotating means (86) for rotating the 
main magnetic field means (12) and the radio 
frequency coil (20) such that the examination 
volume (10) can be disposed in a substantially 
horizontal plane and further including means 
(88) for moving the examination volume (10) 
along a vertical axis. 

12. An apparatus according to any preceding claim 
wherein the patient support and transport 
means (C) includes a patient supporting sur- 
face (42), a carriage (40), and a plurality of 
wheels (70) such that the patient supporting 
surface (42) and carriage (40) can be wheeled 
from place to place, whereby one patient can 
be prepared for the examination in a remote 
location while another patient is being exam- 
ined and whereby the patient can be moved 
from one magnetic resonance apparatus to an- 
other. 

13. An apparatus according to any preceding claim 
wherein the main magnetic field means (12) 
includes a permanent magnet (100) having op- 
positely disposed pole faces (102) of substan- 
tially the width of the examination volume (10'), 
the examination volume (10*) being defined 
therebetween. 

14. A method of magnetic resonance imaging 
comprising: creating a uniform, temporally con- 
stant magnetic field in a thin imaging volume 
(10); moving a subject through the thin imaging 
volume (10); while the subject is moving 
through the imaging volume (10), exciting and 
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manipulating magnetic resonance in a selected 
slice of the subject that is in the imaging 
volume (10) and receiving magnetic resonance 
signals from the selected slice, the imaging 
volume (10) having a thickness of at least 
twice the selected slice thickness and less 
than 1 5cm in the direction of moving the sub- 
ject; and reconstructing the magnetic reso- 
nance signals from a plurality of slices into an 
image representation. 



15. A method according to Claim 14 wherein the 
step of exciting and manipulating magnetic 
resonance and receiving magnetic resonance 

75 signals from the selected slice includes apply- 

ing a slice select gradient along the direction 
of moving the subject and further including 
shifting the selected slice relative to the imag- 
ing volume (10) such that the selected slice 

20 remains substantially fixed relative to the sub- 

ject. 

16. A method according to Claim 15 wherein the 
selected slice shifting step includes increment- 

25 ing a frequency of the excited resonance and a 

demodulation frequency of the received reso- 
nance signals. 

17. A method according to Claim 16 further includ- 
30 ing monitoring a cardiac cycle of the subject; 

and coordinating moving the subject and incre- 
menting the frequency of the excited reso- 
nance and the demodulation frequency with 
the monitored cardiac cycle. 

35 

18. A method according to Claim 15, 16 or 17 
further including after receiving a full set of 
magnetic resonance signals from a selected 
slice for reconstruction into a two-dimensional 

40 slice image, indexing the slice select gradient 

to select a next adjacent slice of the subject 
and repeating the exciting and manipulating 
magnetic resonance and receiving magnetic 
resonance signal step. 

45 

19. A method according to any one of Claims 14 
to 18 wherein the reconstructing step com- 
prises either Fourier transform reconstruction 
or projection reconstruction of the magnetic 

50 resonance signals into a plurality of parallel 

two-dimensional slice images. 

20. A method according to any one of Claims 14 
to 18 wherein the magnetic resonance exciting 

55 and manipulating includes applying phase en- 

code gradients which are changed such that 
the received magnetic resonance signals for a 
selected slice have a range of phase encoding 
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from a central phase encoding to positive and 
negative high frequency phase encodings on 
opposite sides of the central phase encoding, 
the magnetic resonance exciting and man- 
ipulating further including applying the positive 
and negative high frequency phase encoding 
gradients in temporally contiguous repetitions 
and applying more central phase encoding 
gradients in less temporally contiguous repeti- 
tions. 



10 



21. A method according to Claim 14 wherein the 
magnetic resonance exciting and manipulating 
includes applying an echo-planar imaging se- 
quence. 15 

22. A method according to Claim 21 wherein the 
echo-planar imaging sequence is applied with 
a repeat time and a resolution such that two- 
dimensional images of at least six slices are 20 
generated per second, whereby substantially 

real time imaging is provided. 

23. A method according to Claim 14 wherein a 
single one-dimensional projection image of 25 
each slice is obtained, the one-dimensional 
projection images of a multiplicity of slices 
taken together comprising a two-dimensional 
shadowgraphic, projection image. 

30 

24. A method according to any one of Claims 14 
to 22 wherein the magnetic resonance exciting 
and manipulating includes applying a flow im- 
aging magnetic resonance sequence such that 

the reconstructed image representation repre- 35 
sents flow velocities. 
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